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(57) [ffift] 

[USE] KV^ttfeflWutW^^y^tttSSKia* 

[JJRft^K] S*W#*T\ C : 0.05-0.25%. Si : 
0.5 —2.0 Mn : 0.5—3.0 Ti : 0.05—0.3 %ti 
ilf'S : 0.0001—0.003 %£#^TU JSSPJiFetSilPF 

7i7'( hO¥%MJI$Mldf £ O.Sj«m £lh 5.0^m 
@d s OTjrtdf /da £5J2LL, £2ffll8uES£L£2d 




I i i I I I I I 1 

012345678 

d f /ds 
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C : 0.05—0.25%. 
Si : 0.5 —2.0 %, 
Mn : 0.5 —3.0 %, 
Ti : 0.05—0.3 %HXXf 
S : 0.0001—0.003 % 

0. 

iJBSe®:*— -X^-M hfDdM**#5 vol%Ja±T j{p 
0.8x<m JiLh 5.0/am l^T, JJ d f fc ±K 

[ ff*l!f 2 ] If 1 tiZtS \> ^X , «** § t , ssw 

7«T" 

Al : 0.10%UT, 
Nb: 0.10%JilT\ 
V : 0.10%WT.. 
P : 0.1 %JJTF\ 
Cu: 1.0 %JiTr\ 
Mo : 1.0 %J2TF, 
Ni : 1.0 %tlT, 
Cr : 1.0 

Ca : 0.0005—0.015 

REM : 0.001 — 0.05%t3£Xf 

B : 0.0002—0.01% 



[IH5RW3] ItMfT 
C : 0.05—0.25%. 
Si : 0.5 —2.0 % N 
0.5 —3.0 %. 
0.05—0.3 %&£Xf 
0.0001—0.003 % 

Al : 0.10%lilT. 

o.i %ia~r\ 

0.1 %ETF\ 

o.i %ia~r\ 
1.0 mr\ 

1.0 %OT. 
1.0 %JJlT\ 
1.0 %OT. 
0.0005—0.015 %. 



Mn 
Ti 

S 



Nb 
V 
P 
Cu 
Mo 
Ni 
Cr 
Ca. 
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REM: 0.001 — 0.05%& <£t>* 
B : 0.0002—0.01% 

co o *> m/otz i m t tz ( 4 2 «uu: s l . «a« 
jw»»aetii5(rcjaTfc u mra^ jsi»j±t* : so 

%J2LL, Sffi^T?^ : 800 -950 TWl*frT-Ctt_bE 

±«i^iPji arc* 1 a^ai^ wm u ass 1 hj&sj£ 6 

10 00— 700 XTCifcTU 5I#«6# 5*C/sjaT<O^MKco 

ss2S^ais- 2-5fpmmmLtzcr,ib. 2(rc/sja±<?M& 

»»B&o»3RifrSl£BI!j»U 150-380 °coifl«IEH 
[OOOl] 

20 ^r^cM-f-^tsot-^^o 

[0002] 

30 [0003 ] ±KO«lc?) 3 *> , D PHi4. ffittOjST'T 
RlPii^O, ^WSStg'ltW^y^ (TSX 
El ) J4 20000 MPa ■ %jaTf*-&. — 7j\ TRIPl 

mi-&ZkTmM®i?:^L, TSX El** 20000 MPa ■ %£ 

[0004] Mi.(f . #ffl^F3 -10049 #^f8t(4. 
C, Si, Mn^S^^i; LT-^-fi-r J±T* : 80 
BESKTM : 780 -900 'C-C1OT±±JE3E 

40 L , ft±JEM?SJK ^ft±J±®^«*^ PTrSaK 

x'^&^mrt. "o^x-tfsmm. ■. wc/sa±.xi%%iL 

T350 —500 "CX'tgM&ZklZj: 0. ^'Jit/1717 
>f h<7) I 5W^61%JaT. !jf<Jrf^7jt9>f 
^tSSOit^lSULL-C. L*»t>^-f N taW^"- 

mi*-**M-4 h&5%i;xtx$>z>Mmmz3rtz>M 

MMfc&Mm%W;tfffl^ZtlX^&. LT . 
*«T14. TSxEl=20000MPa ■ %^Sr3»J^-rS ' t 

50 [ 0 0 0 5 ] LiP LKWb . ±K0KWT14 , 
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WJfcffiTL^u. TRI PfflcD*^, 

mf-7 5 y WITt4 Sfofc* 6 ^cfc , Wffitt t to 

«LV>. 10 
[00 06] ttl, %rfflW-9 -104947#&#«4. TSX 
T. El £2000 kgf/mm 2 ■ % (19600MPa ■ %) b L, £<3fc 

b LT, C : 0.05— 0.15M%, Si : 0.5 —3.0 Si 
%, Mn : 0.5 —3.0 MA%. P^0.02SM%. S^O.01 
M*%, Al : 0.005 — 0.10nm%&J:tI'Fe$:^_f$.5i- b^t 

r 3 -50— An +50°COiffli: LT^J±T*^'80%H±c7) 
tt±£0££lTV\ fttfflEftTft.. iaiW9Ift*V^42 
B&aaJftSv»Ii3a?«l*ffdifcfc:J:'3. 7x7^ 20 
K <-4"tM K ^-Xft-f hcD3fflT«Jj5<£ 
ft. ^7x5-f (Vr ) k7x7>fbSg 

(d F ) COit (Vf /d F ) #20Ul±-C, 2un I2TFO 

}4, ^^fWi«^73% (d/do =1.73) LM#£>il 
Tfc £>"f , 100 %&±cr>'^mf ^tmi&Ztih c\b<D% 

[00 07] 30 

5iZ^ TSXEl £20000 MPa £JPtJ@.U ^0100 

#<s-¥-^--g>it*>'"srtgt^-g>o fir, *wm. ts 

XE1 £20000 MPa , £*o;A3£(f ^£100 %fcU3fftt£ 
[0008] 40 

<nmizmmt« < ^ssf^nfa^fgn, ti z&mt 
[0009] tth-h. jsm&m&mmi&nkts o 

50 
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1 ■ fil^tC : 0.05—0.25%, Si : 0.5 —2.0 
%, Mn : 0.5 —3.0 %, Ti : 0.05—0.3 %& it/S : 0. 
0001—0.003 %£"£*L, SSP(4Feja«J:t^^ia»«Pf*fi 
ftOfflJ^S: 1 ?, »IH>^, ^'JrfWx?^ h^(3 

*sm2ffit*^^r | 9, ±ies®:t-x-f-M hco&m 
m& 5 vo i %ja±T**o , ±i e*° yrft^x?^^ 

T^tSftftadf A* 0.8//m JJlt 5.0//m fciT, ±ia^P- 
^ISAegdf fc±lBSI2ffl 0?ig|iA&&d. coltdf 
/d« **5ULh, S(2ffllin@SLi6<2 d. JSLtCfc* 

[0010] 2 . ±.12 1 tCfeV^T , M^^t, 
^f'Al : 0.10%OT. Nb : 0.10%OT, V : 0.10%]^ 
T, P : 0.1 %tlT, Cu : 1.0 %iiTF, Mo : 1.0 %VA 
T, Ni : 1.0 %VXY. Cr : 1.0 %^T, Ca : 0.0005—0. 
015 %, REM: 0.001 — O.OBXHXl/B : 0.0002—0.01 

%co o tipti>mAj£ i aifcti 2 sm±Sr#*-r§*M 

[0011] 3 . WiW^spT-C : 0.05—0.25%, Si : 
0.5 —2.0 %, Mn : 0.5 —3.0 %, Ti : 0.05—0.3 %fc 
.fctXS : 0.0001— 0.003 %Sr^*t, fcSV>(4§ 4>l=A 
1 : 0.10%MT, Nb : 0.1 %iilT, V : 0.1 
P : 0.1 %OT, Cu : 1.0 %JJ1T, Mo : 1.0 %JJJ.T, N 
i : 1.0 %HT, Cr : 1.0 %iiiT , Ca : 0.0005—0.015 
%, REM : 0.001 — 0. 05%fc itA'B : 0. 0002— 0.01%cO 
O •&a»6»<,rt£ 1 «a^f42«m±S-#*t, «a(4Fe 

(cSfcU. M?fl*2rll50°COTi:L, fflffgf*, 
J±T* : 80%m±, JE®l*TiSS : 800 —950 °CCD$kft 

scc/siyjiuo^ai^s-c-mia^ais-M^L, 

la^iP* 600-700 °CT-»TL, ^I^M^ 5°C/sOT 
0^aia«<7)« 2 l5^BT?r 2-5 BIBgOtt L <50*> , 20 
°C/sJit±<7)^ai3S «<7)lg 3 g^ffl ZmtkL. 1 50—380 
°C<7)iaSi6HT®SX6 £ b 2r#it b~thtoTf7 7>i?'&. 

izmtitzmmvmmMffi.cvwm.ijm. 

[0012] 

S8lttS«fcOV^-CKHH-r*. IIH^T', C :0.12 
%, Si : 1.5 %, Mn : 1.0 %, P : 0.010 %, S : 0.00 
06%, Al : 0.042 %tiXX/Ti : 0.15%Sr#^TL, SSPii 

3mcr t mmmffi.^Wm.-t^z^tz 0 , tt±£Effi»T^ 

^ai^f+s- wflrr * £ t tc x k> , 7x?4f cotiwsa 
ea (HT7i5^ hmsfcnf^) d f t, ^-f-7->f h 
tJit^ae^-^-r-^-f h*^^6m2ffl^^is H H H )fi 
g (jaT»2fflsafci*A) d s wjtdf /d. t, is 
2ffl^ggn, -«r*)^ja*»2*<^)«3&»feRSi2ffite« 
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*> isv ^'jco» 2 m<^m± x-commco^m. l t mess 2 

(%) taSTf-df /d a fcL/d, tfO^Ptot^TiB 

sue. hi t^-cosss&^-r. H4», oEpwfctatJt 

i^(S^(f*A (%) 

[0 0 13] HHt^LfcktSDs d f /d s *t5JJl 
_h, *^L/d, 36*2JSLhk**J:dfc«»*iBS^h. 
H\ J^SH^A* 100%J3Lhi:^4ii:*fsritr**i 
fcjWh&»*. =5:4/ TvSHfspAy:, B^jJJBlia^jlJF 

snooi t t . # a, *i£!R£Mttc«> 6 mm L £MSfc#- 

(WxlOOmm XlOO™ ) do =lOram0^^tT^ 

o i vena : 60° eoRittf^^xyfij (»Bf® 

m) 

A (%) = {( d-do ) /do I XlOO 

[0 0 14] 5£>e TSXEHC&fJ-f hSfld 
f tl2ffigd s Oitdf /dst, 7i5^fhSg 
df fiO^#tcoV^-Ct>PiaEt^:o ii0fe*S:ll2tc* 
-$\ H4», OEPrttlBaLfcfR^fiTSxEl/lOO eottt' 
£>9. 5»«TS (MPaJiSiflWEl (%) 

J; 9 Isiiatc^tJttfcO. d f 
T'\ i>od f /d s ^Siait-rSifc^iO, TSXE1 
S20000MPa ■ % fc ~f 4 £ s&rtnffi i: =5r4 £ i: 4 . 

[0015]^:, ^tf&t5£XWSXEl<£RErti*m 

B©ftTi&K£iooo°c, ft_LJBH£Taa«£ WCfcL 
»t ~«r*)^JEE3B»fiW)»l«?& 

[0016] ss2k#jp, -t%h-h*mm<%m> 

IHPfciHELfc . m 1 H^*fr*fLLfiBBRT 1 
t?frSl»K : 80TVsfc U J* 2KM^£>tt£Bftft£ 2°C 

/s. m3ia^ei<7)^aii$«5r3o°c/s. ^BxoiaK* 300 
ttt, m2g^ai-r*t.^»tfra»^ras&ig«i3j;t/'4' 

iafck&BI!4&&K£ 600—700 "CkU ^o^PhII^^PbI 

[0 0 1 7 ] act, SSiaJfraBfcff*ffc±JEE3BRT3&»6 
1 #fJHC/££PjSS : 80°C/si; L, l^a^iHt^*)^ 
ISKit&OHfHfiAS 650»C. +»ffl^3#tL, 
»3a««ll«<O»aB*«*301C/8, ^JROSJSfc 300°C 
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tamm : £5°c/st;xrb't&c\bizj:-ox, jfiatWA* 

[0018] § £>fc, jmWfcaB^, ftlffilT 

j&» fe» i ^&m^t T<wm b.mi m$&mcr>&& 

io *c. #ia&mia£3#. +imto&i*<9^aue&3*c 
/s. m3a^ai^o^aia[SSr3o 5 c/s, ^E>9isft£- 3 

(xrcfclisgu ftMBITI- ^lMfflte^W 

a#rafc 1 a^Wf^iiMfca* 
fc. #fefL/iMa*ia5tc^-. mmiz^LtzbHK). 
i±±.j±mmT&, m 1 a^am * x-comm % 2 mim 
tL. fr^mi mvis&TfttfiSimm $r 5o°c/siiLh t~tz> 

ZbliZj:*)^ Xj&ifm A $r 100% £Lh i: ^-4 i t j6*pTiB 
[0019] TSXEl^atJ't-^KOSS^S 

20 ims-r sawt.si m^mm* £{±±.j±mmTfr a> 
imti=mbL. ttwmg. ■. 8o°c/st l, s(2g»aa«- 

^^*>4>S«^^ifl«^ 650°CfcL, ^Pa1f^B#fa^ 
3#hL. lg3a^SnB#^JnM^^30 o C/st L. ^ffi 

XE1 (MPa ■ %) ^^*^o f#^tL^*S^SrH6t^ 
-f. |s|H^L/ti;*3 l 0. ^ffiDjS-K^ 150*Cjyji, 3 
80°CJilT t 4 ittiD, TSXEl £ 20000 MPa • 

[0020] mz^ fmw^^tizmirriiMewmte-o 

TiJJWOjK^Hi, KaW**T"C : 0.12%, Si : 
1.5 %. Mn : 1.0 5/ P : 0.010 %„ S : 0.0006%^i 
t>'Al : 0.042 %S:-^#L. a«liFetJ J:lPRn»«PTW 

m. io8o°c. wssmTmm ■■ iooo°c, i±_hj±®*?T?a 
* : 900 °c. tt±fflE»T*»6»iaj&a]B!*&iTwi© 

H: 1&\ ® 1 a^ai^fflilJK : 80°C/s. »2a^iP 
-tfthh* ffltmmthCDWM : 650 °C, (fISRSSllSia : 

3#, issa^^aiii* : 3or/ s , mnK>-&m 30 

40 0 °CXh 4 o ISHlt* LtibH*). ftmfm A 100% 
l/hfc-f 4tCU:, Ti£0.05-0.3 mass%(7)tgSlT^S[I-r 
4i£JS^S)4ifc* s ^4o 

[ 0 0 2 1 ] Srfc. jyjifiOllitfcrfflv^fcSftffilltKKov^ 
T. ffilBffiS^ff^. 7i54"lMd f tH?2ffif$M 
d s tfDjrbdf /d s t, &2ffilflEJELfc&2fflft&d 
s k<7)J:bL/d s tCOViTtMSL^^ ?Xfi£tf*A^ 

100%lSLt<Ott^^Lfe(H«ti^Tdf /d s 65, L 
/d s S2Sri»StTV>4<If:*llStft. 

[0022] at *flMHCtiV^T. jd<0{ft4hB**m 

50 ae^«5iifci»sEtJta«*(cov^»^w-4. 
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C : 0.05— 0.25mass% 

-^ir^>f bj^#4^fc:#®£^T£>>K ^£r< fc 
t>0.05Baas%t^Hi:^S* — ?BF«Htfi0^t*l»ih 
~T4 B tfrC±RS£0. 25mass% ^4 0 
[0 0 23] Si : 0.5 —2.0 mass% 

sit*. iittftd^i^Mt-xft^ hm^n^co 

2.0 mass%£®£T^fl[jLTi>. ^J&Stitt 
ttU nxhr^/h^l)^ ±RB£2.0 mass%kL 

St. 

[0 0 24 ] Mn : 0.5 —3.0 mass% 

^< k ^0.5 mass%tfOffiJn*iejBfc"rS 
SWWU ^W-xft^f b*?Djl^teo&;&«4. *<z> 
[0 0 2 5 ] Ti : 0.05—0.3 mass% 

i±. Ti^o.o5-o.3 mass%titm^mzm\\^r&&m 

ffl-C*> 4 k ^ -5 § ixixf £ T i c k LX ftfct 

hSg^50//m jaTk^rO. 1H*fb&TOiL$*i4. ^ 
&Zb l/ZX 0 . t Btefts^Jtfi L 3 6 £»NI 

[00 26] £UiC?[)ia**4#Sfc»fca. 0.05mass%<7) 
JRSP^ifiW^fti. ^JtdfiJirrikBISfla&qr 

jW£t«<=8:4. *<?Wifc>. iPfifiO.3 Baas%f;tfc. 
iff ^ L < (iO. 10— 0. 20mass%T*£>4 0 
[00 27] S : 0.0001— 0.0030mass% 
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5"d!fctf*A* lOO^fiLtk-rStti. 0.0030mass%jaT 
k-T 0.0030mass%fiJlTTt>. Sl«< 
tMtl. {^""W7 7 y yllif^it^^, O.OOOlma 

tfL^wm^nxbr vrt^iw, o. 

0001mass%*TRRi:^"So 
[0028] ai, ifif^ft^fcO^Tii^Lfc^ *?& 

10 £fc#-C&4. 

Al : 0.10mass%iy,T 

AU±. KBJHfcLT^Tffl^TC^TftS^ S&flUft^O.lO 
raass% £ jB X. 4 k SfeS^ttSrT 4 fit. T- ? iSBHfeFffi 
"Pf4fctf>. JiPfi£0. 10mass% klT4, 
[ O O 2 9 ] Nb : 0.10%£JlT\ V : 0. 10%J^T 

t^t^o Ls^US:*^ iMPS^0.10mass%Sr®i. 

4fc»s ^ix^0.10mass%£_hRgk^4. 
20 [0030] P:0.1 mass%£XT 

Ptt. 2^SDXM^^ffl<-fc 3 5:<«5SJK^^*¥^4 
7C*r& 4 Ot\ 0 . lmass% *3Hi*V ^«Ht1fi8lrt-4 

[ 0 0 3 1 ] Cu : 1.0 mass%J^T, Mo : 1.0 mass%^ 
T\ Ni : 1.0 mass%£lT. Cr : 1.0 mass%l^T. Cu, M 

o, Nit5±VCr(i^^Jh^ HJSM^fet/fcriHiBll^t; 

-Tti fc 1 . 0mass% 4 k DSHJUXttAHST 
^-Sfc«>. 1.0 mass%OT^ffiHT'asJII^-4^k^T§ 
30 4. 

[ 0 0 3 2 ] Ca : 0.0005—0.015 raass%, REM : 0.001 
— 0.05mass% 

ca&±txREM i^ti^ti, frfemmmzMWiL, ims 
y ?yytt&w±3t4 a wr^jirr & i k 3&«trs 4 0 

^<753»*t#4fc«>fc«. Cai^0.0005mass%tJLb. REM 
fiiO.OOl mass%I^LtaSJlrt-4iefS3& s *4o k(±V^. Ca 
3&S0.015 mass%. REM^0.05mass%5rM^T^*^ 

^§ix4k^M^^^«^t^<^0. iWflfitt 

J^ifiT^fc*. **L-f*.JilK*0.015 mass%. 0.05ma 
40 ss%kt~4. 

[ 0 0 3 3 ] B : 0.0002— 0.01mass% 
Bii. j^^bt^ra&^TC^Tft 0 . 0.0002mass%ja± 
(7)^II^^** s fg«>JofL4o L^L=5r^^. O.Olma 
ss%^^^TiMP^-4kSS B a B^L<ffi»$ix. ®® 
ft LTSlWS^ttS ±PS^0. 01mass% fc ^4 „ 

[0034] mmm&mjmmz^xmffl^ 

4, T^B^gdf ^ O.S^m fiJLb 5.0^m OT^tK 
50 5yilfl»tii"CtlTl>4W, ^ix^ifflk 
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■$-4«B5ia*fcft. ±«tfi, fiwcso voi% 

ja±*»JK U 3"-^^ 7x7-n-T*S<ri: § . £ 

■I iz , *° U 3> ;|/ 7s5^fb (OT^SS ASfS d f #± # 
<^St. JR2ffl£»IM^4£fcj&^&a:<$:4. * 
Us JK'J ^'-tvP 7 x 5 h WT^^feS d f tfi 5. 0 
in mtWH2 fc^L*: <t 0 tc s TSXE1£ 2 

0000 MPa ■ %a±b-t&ZbtfT£%:^cr>X\ #'Jit 

t;k7x5^ hc7)M»ffc;ii 0.8/xm 5SJS**RB#TS>6<0 
T\ 0.8/^m ^TPfih-rS« 

[ 0 0 3 5 ] -M h b AW*fi*5 vol?£t£Lh(?D»B 

Xft^f h£> 2 ffl 

m2ffl+«i, «V^tt2?f#T, TSXE12s20000MPa • % 

: 5 vol^JSLtWJBB:*— 

b\ m 2 m<mm t *° l> -st-i-iv 7x5^ <os8B(cisj&* 

|ti(*W7 9 yis$d&<7)i. o tt&s&tfk&iiz.wm 

[0 0 36]*'U if ^7 x 7-4 hW^*Sft©gdf 
2 J: t/0 3|:iLfeJ:3ts *r tj -j-j-jv? x 9 

-r h ¥%MrH.afi d f t m 2 fflfioT^ses d . coit a t 

/d. 36*5£Lh, •T : £rfc^-iS2ticoefI^^ l J^;P7 
a?>f I-&&031/5 OTfcL^V>i:. TtBOTAfc 100 
%£JLh. TSXElSr 20000 MPa ■ %£Xtb~$-hZ. b&T'% 
^cryfzfo^ df /d a liSVAl.b'th'^Mifih 

fl£*ft»36ft» @ LTV vfrfr., fcjST* § . 
[00 37] &2fflia£KL:&<2 d s £lh 
SS2ffllSE«L, •^5Sr*>t«4SS2*tfD«36>6K»2ffi 
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